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C oncern exists that contaminated environmental surfaces contribute to the transmission of infection in the health care setting. Antibiotic-resistant organisms, including methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci, and Clostridium difficile, can remain viable on dry surfaces for prolonged periods. 1 Methicillin-resistant S aureus is a contaminant found in hospitals 2, 3 that is associated with transmission on hospital wards and intensive care units 1, [4] [5] [6] and is responsible for substantial periprosthetic joint infections after joint arthroplasty. The surgical patient is particularly vulnerable in the operating room with open wounds exposed to the environment.
Some joint arthroplasty surgeons at the authors' institution avoid using operating rooms after infected cases. Anecdotally, those surgeons require an extensive "terminal cleaning" before performing an arthroplasty after such a case. This practice stems from concern that these rooms may be excessively contaminated, potentially increasing the risk for subsequent surgical-site infection. However, the efficacy of this practice is untested and it likely requires higher operating costs and operating room scheduling strategies that complicate optimal patient care.
Few studies have investigated environmental pathogenic contamination in the operating room. The level of operating room surface contamination that can influence surgical-site infection rates is not known, but a clean surgical environment is expected to reduce the number of pathogens available for potential transmission. 7 Currently, operating room cleaning standards as outlined by the Association of periOperative Registered Nurses 7 and the Centers for Disease Control and Prevention 8 are not universal and in addition are vague in their description of goals. It has been recently recommended that "indicator organisms" (eg, MRSA, C difficile, multiply resistant Gram-negative bacilli, vancomycin-resistant enterococci, and Salmonella spp) should be found in less than 1 cfu/cm 2 of the clinical environment. 9 The purpose of the current study was to measure microbial surface contamination and test the hypotheses that: (1) microbial surface contamination in the operating room after standard operating room turnover following infected cases is not significantly greater than that following noninfected (clean) cases; and (2) the organisms found on the cleaned operating room surfaces do not correspond to those organisms isolated intraoperatively from the infected patient from the previous case.
Materials and Methods
This study received institutional review board approval. The authors monitored 14 infected and 16 noninfected (clean) cases undergoing open surgical treatment at an academic medical center with 14 operating rooms ( Table 1 ). All surgical subspecialties (orthopedics, general surgery, vascular surgery, urology, obstetrics/gynecology, neurosurgery, otolaryngology, plastic surgery) were included. Unscheduled cases, video-assisted or percutaneous procedures, after-hour cases, and terminally cleaned rooms were excluded from data collection. Infected cases treated by open surgical debridement were confirmed as infected using intraoperative records and laboratory data (wound culture results).
Using Replicate Organism Detection and Counting (RODAC) stamp plates (Becton, Dickinson and Company, BD Diagnostic Systems, Sparks, Maryland), Before the operating room was used for the next surgical case, all surfaces were sampled immediately after standard operating room turnover using standard RODAC sampling methods for any given sample collection. For each case, the following were recorded before the RODAC samples were collected: the type of surgical procedure; procedure time; room humidity, temperature, ambient air pressure, and air exchanges; and operating room turnover time. Infected and clean cases were compared for these potential confounders to ensure that cases were equally matched.
Immediately after sampling operating room surfaces, the RODAC plates were transferred to the institution's microbiology laboratory. All plates were incubated at 37°C for 48 hours. The RODAC agar plates were evaluated for bacterial growth at 24 and 48 hours, and those positive for growth were reported as colony-forming units (cfu)/(RODAC plate surface area or 33.2 cm 2 ). At 48 hours, each colony was morphologically characterized, and a Gram stain was performed. No additional identification was obtained for Gram-positive rods with the characteristic microscopic appearance consistent with Bacillus spp or Corynebacterium spp. Gram-positive cocci were further characterized using standard bench-level identification methods as established by the clinical laboratory's common procedure manual, the Clinical Microbiology Procedures Handbook. 11 Gram-positive cocci in clusters that were catalase positive and further tested negative for coagulase using the Staphaurex test (Remel, Lenexa, Kansas) were recorded as coagulase-negative Staphylococcus spp (CoNS) and not further identified to species level. Gram-positive, catalase-positive cocci in clusters that tested positive for coagulase were recorded as S aureus, and testing for the methicillin resistance was performed using MRSASelect agar (BioRad Laboratories, Redmond, Washington). Organism identification for Gram-negative bacilli was performed using the API20-E and API20-NE methods (bioMérieux, Durham, North Carolina). The organisms identified from the RODAC plates were compared to the clinical test and culture results of infected patients to evaluate concordance.
The authors checked for significant (P<.05) differences in procedure time, room humidity, room temperature, room pressure, air exchanges, and operating room turnover time between infected and noninfected cases using regression analysis (Stata10; StataCorp LP, College Station, Texas). The authors also checked for an effect of infection status, case start time (before or after 3 pm), and incubation time (24 or 48 hours) on colony counts using regression analysis. All data are reported as means with 95% confidence intervals (CI).
results
No significant differences were noted between clean and infected cases in surgical time, room humidity, room temperature, air exchanges, room pressure, or turnover time ( Table 2 ). In addition, no significant difference was noted in mean colony counts at 24 hours for infected and clean rooms turned over before 3 pm (8.6 [95% CI, 3.7-13.5] and 7.6 [95% CI, 4.3-10.9], respectively) and after 3 pm (7.8 [95% CI, 4.4-11.3] and 7.2 [95% CI, 4.5-9.9], respectively), indicating that time of day did not affect the quality of turnover performed.
No significant difference was noted in colony counts between infected cases and clean cases at 24 or 48 hours ( Table 2) . Of the total 270 operating room surfaces sampled from all cases regardless of infection status, 388 isolates were identified, with an average of 1.4 colonies isolated per sampled surface (per RODAC n Feature Article Of the 14 infected cases, 12 were confirmed as infected via intraoperative culture data. The culture-positive infections were confirmed as the following isolates: MRSA, CoNS, Corynebacterium spp, Pseudomonas spp, Proteus spp, methicillin-sensitive S aureus, Escherichia coli, Streptococcus bovis, and Bacteroides fragilis. The 2 infected cases without intraoperative culture data were confirmed as clinically grossly infected by operative report (debridement of a chronically infected leg wound with application of negative pressure dressing, and incision and drainage of a perirectal abscess).
Finally, surface isolates were compared to culture-positive infections ( Table  4) . Plates from 3 rooms in which infected cases had been treated showed colonies of organisms concordant with those of the preceding infected case after standard operating room cleaning.
discussion
In the current study, the authors found that there was no difference between the level of bacterial contamination on multiple operating room surfaces after standard operating room turnover for infected and noninfected (clean) surgical cases, nor could a relationship between organisms isolated from common operating room surfaces and culture-positive infections treated in preceding cases be clearly demonstrated. These findings support the original hypotheses.
Although the level of microbial contamination on environmental surfaces necessary to cause clinical infection is not clearly established, Dancer 9 has proposed a standard for the assessment of surface hygiene in hospitals. It is recommended that "indicator organisms" (eg, MRSA, C difficile, multiply-resistant Gram-negative bacilli, vancomycin-resistant enterococci, and Salmonella spp) should be found in less than 1 cfu/cm 2 of the clinical environment. Total aerobic colony count provides a general measure of bacterial load, and Dancer 9 also proposed the internationally recognized measure of less than or equal to 5 cfu/cm 2 as a starting threshold for aerobic organisms. Measures of 1 cfu/cm 2 of "indicator organisms" or more than 5 cfu/ cm 2 of aerobic organisms on hospital surfaces may be cause for concern for excessive contamination. In the current study, 1.4 colonies on average were isolated from each surface (per RODAC plate or 33.2 cm 2 ) sampled from all rooms evaluated. That is, an average of 0.042 cfu/cm 2 of aerobic organisms from operating room surfaces after standard cleaning practices were identified, far below the thresholds proposed by Dancer. 9 Even the most contaminated surface, the main operating room door handle with 2.7 colonies per plate or 0.081 cfu/cm 2 , is an order of magnitude below the clinically concerning thresholds.
Coagulase-negative Staphylococcus spp was isolated from 59.2% of the operating room surfaces sampled and from 28 of the 30 rooms monitored. In only 3 of the rooms was the isolate concordant with the patient's infection, so it is not possible to attribute the concordant colonies to the infected patient who previously inhabited the room. Coagulase-negative Staphylococcus spp can be found in air, dust, food, and water and are primarily isolated from the skin and mucous membranes of humans. Eighteen species of CoNS have been isolated from humans, but to date only 5 of these have been implicated in nosocomial spread. 12 Importantly, however, CoNS and S aureus have been isolated as the cause of more than half of prosthetic joint infections. 13 Although each CoNS isolate was not further characterized for Corynebacterium spp (16.2%), Micrococcus spp (11.3%), and Bacillus spp (8.2%) were also commonly isolated. These groups of organisms are also known most commonly as constituents of human skin flora and environmental contaminants, although in rare cases some may cause clinically relevant infection. [14] [15] [16] In 1 instance, Penicillium was identified but was likely a contaminant introduced during the sampling process or in the laboratory.
When compared with organisms that were isolated and identified during surgical treatment of infection in this study, no significant concordance was noted between organisms isolated from operating room surfaces and causative agents of infection. These findings are consistent with those of a recent retrospective report that found that only 1 of 39 clean joint arthroplasties (2.6%) after an infected case subsequently developed a deep infection consistent with the preceding "dirty" case culture. 17 Although those authors recommended exercising caution in performing joint arthroplasties after cases of known infection based on this finding, they recognized their study's limitations, including the fact that they could not specifically attribute that instance of deep infection to the room contamination by the preceding case.
The major limitation of the current study is the small sample size, thereby limiting the statistical power of the findings. Although statistically significant differences could not be discerned in microbial colony counts between contaminated and clean rooms, counts from both rooms were significantly below the threshold for clinical concern. 9 The authors believe that the sufficiently low levels of contamination found do not justify the costs of expanding the sample set. Also, it is possible that during data collection there was a behavioral change by the cleaning staff, producing a bias that cannot be quantified with regard to their methods of operating room cleaning, perhaps resulting in improved cleaning practices in rooms sampled. To account for this possibility, the authors made all efforts to avoid being seen by cleaning staff before data collection; as a study protocol, they waited for the final member of the cleaning team to exit the operating room being monitored before they sampled surfaces.
conclusion
The results of this study have shown that one may proceed safely with any surgical case after standard cleaning procedures without concern for exposing the subsequent patient to excessive operating room environmental contamination that may result in surgical-site infection. The authors believe that terminal cleaning after infected cases is not justified.
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